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1. General Introduction.  
Ferroelectrics have been attracting attention as 
nonvolatile memory materials in the 
information society. In practical use, most of 
ferroelectrics are inorganic materials, however, 
the inorganic ferroelectrics have so many 
problems in terms of toxicity, rare metal content, 
device fabrication cost, and so on. The 
development of a kind of new ferroelectric and 
the elucidation of its mechanism are considered 
to provide important guidelines for the material 
design in the future. In recent years, from the 
consistency with organic electronics, organic ferroelectric memories have also attracted so much attention. For example, an 
arrow-shaped supramolecular liquid crystal reported by Aida et al. shows ferroelectricity by inversion of cyano groups in 
response to the external electric field. The development of such a ferroelectric and elucidation of its mechanism are considered 
to be an important guideline for material design in the future. And this development enables to make multifunctional materials 
by adding further physical properties to ferroelectricity. Benzene trialkylamide (3BC) is a molecule expected to be able to  
Fig.1 The supramolecular structure of 3BC 
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Fig.2 A ferroelectric mechanism of 3BC 
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impart such multifunctionality. 3BC, a very simple molecule, shows ferroelectricity in 
the liquid crystal state. 3BC formed a one-dimensional column through the 
intermolecular hydrogen-bonding among the amide groups and the -interaction of 
the benzene units and showed a discotic hexagonal columnar phase (Colh) (Fig.1). The 
intermolecular hydrogen-bonding formed in the column direction in Colh was turned 
due to the application of AC voltage, causing polarization inversion, and eventually, 
3BC showed the hysteresis loop at electric field-polarization (P-E) curve (Fig.2). 
Therefore, I have studied the fusion of the ferroelectricity and the optical property by 
controlling the molecular aggregate structure. The control of multiple functionalities 
by the structure of organic ferroelectric molecules is creative research that can be 
developed into the construction of multiple memory devices.  
2. Fluorescent Ferroelectrics of Hydrogen-Bonded Pyrene Derivatives 
Pyrene derivative with four alkylamide chains was obtained as new 
fluorescent ferroelectrics with a current switching behavior according to the 
polarized local electric field. In CHCl3, hydrogen-bonding pyrene derivative of 
4PC shows a concentration-dependent monomer-excimer fluorescence 
conversion at quite low concentration range. In hexane, fluorescent 
green-colored organogel state (> 0.1 mM) was confirmed by the entangled 
nanofibers. The Colh phase was observed at the temperature range above 295 
K, which molecular assembly structure was the intermolecular 
hydrogen-bonding π-stacking columnar structure. The direction of the hydrogen-bonded column was parallel to the 
macrodipole moment, which could be inverted by the application of the electric field along the π-stacking column, resulting in 
the ferroelectric P-E hysteresis curve (Fig.3). The local electric field arising from the ferroelectric macrodipole moment along 
the π-stack affected the electron transport properties on the π-stack, thus confirming the current-switching phenomena 
according to P-E hysteresis. 
3. Circular Polarized Luminescence of Hydrogen-Bonded Molecular Assemblies of Chiral Pyrene Derivatives 
 Absorption and fluorescence spectra of chiral alkylamide-substituted pyrene derivatives of R-4PC and S-4PC were examined 
in solution phase, which was consistent with the formation of N−H•••O= hydrogen-bonding helical π-stacking 1D 
supramolecules of (R-4PC)n and (S-4PC)n in MCH, toluene, CHCl3, and THF; the π-stacking structures and aggregation 
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Fig.3 Polarization-Electric field (P-E) 
curve of 4PC, T=390 K 
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number (n) were governed by the concentration (c) and solvent polarity. The aggregation of (R-4PC)n and (S-4PC)n in MCH 
and toluene was much greater than those in THF and CHCl3, and excimer emission of excited state (R-4PC)n* and (S-4PC)n* 
supramolecules with n ≥ 2 was observed in all solvents. Interestingly, the circular polarized luminescence (CPL) spectra of 
(R-4PC)n* and (S-4PC)n* revealed a glum value of 0.03 in MCH at c > 1 × 10−6 M. Circular dichroism and circularly 
polarized luminescence spectra revealed the formation of hydrogen-bonded helical 1D supramolecular assemblies in the 
ground and excited states. The helicities of the 1D supramolecular assemblies of (R-4PC)n and (S-4PC)n in CHCl3 were 
inverted as compared to those in MCH and THF. The solvent polarity and concentration were sensitive to the π-stacking 
structure and helical configuration of the N−H···O= hydrogen-bonded 1D supramolecular assemblies. 
4. Nanoscale Effects in One-Dimensional Columnar Supramolecular Ferroelectrics 
 Organic ferroelectrics have been actively developed with the goal of fabricating environmentally friendly and low-cost 
memory devices. The remanent polarization of hydrogen-bonded organic ferroelectrics approaches that of the inorganic ones. 
Nanoscale fabrication of organic ferroelectrics is an essential aspect of high-density memory devices. A pyrene derivative with 
four tetradecylamide (–CONHC14H29) chains, (4PC), formed an amide-type N–H•••O= hydrogen-bonded one-dimensional 
(1D) column, which demonstrated ferroelectricity in the discotic hexagonal columnar (Colh) liquid crystalline phase through 
the inversion of the orientation of the hydrogen-bonded chain. On the contrary, similar chiral pyrene derivatives bearing chiral 
chains (R-4PC and S-4PC) did not indicate the Colh phase and ferroelectricity. Homogeneous mixed liquid crystals 
(4PC)1-x(S-4PC)x (i.e., between ferroelectric 4PC and non-ferroelectric S-4PC) enable control of the nanoscale aggregation 
state of organic ferroelectrics, resulting in nanoscale effects of the 1D supramolecular ferroelectrics. Ferroelectric mixed liquid 
crystals (4PC)1-x(S-4PC)x were observed at a condition of x ≦ 0.03, where one S-4PC molecule was inserted after every 
thirty-three 4PC molecules in the mixed liquid crystal (4PC)33(S-4PC). An average (4PC)33 length of approximately 12 nm 
was required to maintain the 1D ferroelectricity, which was similar to the nanoscale limit of inorganic ferroelectrics such as 
hafnium oxide thin film (~15 nm). 
5. Ferroelectric Alkylamide Substituted Helicene Derivative with 2D Hydrogen-Bonding Lamellar Phase 
For the purpose of expressing the ferroelectricity by the dimensional control of the molecular aggregation, Rac-2HC and 
P-2HC, in which an alkylamide group was introduced into helicene which is a non-planar π-electron compound are newly 
synthesized and strong dielectric properties were evaluated. The helicene derivative Rac-2HC which is a racemate exhibited 
excellent ferroelectricity (Fig.4). This result resulted from the arrangement mode of amide groups. The remanent polarization 
was realized by the reversal of one-dimensional amide hydrogen bond chain in 3BC and 4PC, whereas in Rac-2HC, it is 
known that a lamellar structure is formed by a two-dimensional hydrogen bond network from the crystal structure of similar 
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compounds. It is considered that the excellent ferroelectricity was developed 
by reversing the motion of this two-dimensional hydrogen bonding network. 
Therefore, the construction of two-dimensional hydrogen bond network is 
considered to be a useful approach to ferroelectricity (Fig.5). By using 
alkylamide substituted arene derivatives, it will be possible to study the 
correlation between multifunctionality and ferroelectric physical properties, 
which enables control of various molecular aggregate structures. 
 
 
 
 
 
 
 
 
5. General Conclusions.  
The hydrogen-bonding supramolecular assembly structures and its association state were controlled in alkylamide-substituted 
π-planar pyrene and non -planar helicene cores. Herein, I proposed one of the methods to control the multi-functional 
properties such as ferroelectric, luminescent, and current switching properties. The controls in intermolecular 
hydrogen-bonding interactions between alkylamide chains were simply achieved by modulating the ferroelectricity, which 
could be associated with the luminescent property. A chemical design of the central -core is useful to design the intrinsic 
-functions as well as the ferroelectric response based on the alkylamide-substituted functional -core. A new multi-functional 
material having both ferroelectric and the other physical responses are possibly designed in the present designing strategy. For 
instance, organic ferroelectrics with the photo-conducting property will write-rewrite the memory bit by the electric field 
application and photo-irradiation. I also developed an excellent 2D hydrogen-bonding ferroelectrics based on the non -planar 
helicene derivative, indicating relatively large polarization magnitude in contrast with the 1D columnar ferroelectrics. In the 
future application for high density organic memory, the nanoscale effect should be one of the important points of view to 
clarify even in the organic ferroelectrics, which was firstly referred to the present thesis. The works will continue the future 
developments and innovation for the application of high density organic ferroelectric memory and also multi-functional 
materials. 
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Fig.5 Schematic models of one-dimensional or two-dimensional hydrogen-bonding network layer in 4PC or Rac-2HC. 
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